Latin Americans engage in physical activity (PA) in unique ways and use a wider range of places for PA than those commonly studied in high-income settings. We examined the contribution of a variety of places and domains of PA to meeting PA recommendations among a sample of adults (18-65 y) from all over Mexico. This was a cross-sectional study conducted in 2017 (n = 3 686). Overall and domain-specific PA was measured using the Global Physical Activity Questionnaire. Use of places for PA was self-reported. Places were classified as private or public. In 2018, associations between specific places and meeting PA recommendations (�150 mins/week) were estimated using multivariate logistic regression models. In total 72.1% met PA recommendations. The proportion meeting recommendations through domain-specific PA was highest for leisure-time PA (50.0%), followed by travel-related (39.1%) and work-related (24.9%) PA. The most commonly reported places for PA were home (43%), parks (40.7%) and streets (39.4%) (public). Use of most public places was positively associated with meeting PA recommendations, mainly through travel-related PA (Streets OR 2.05 [95% CI 1.71-2.45]; Cycling paths OR 1.91 [1.37-2.68]). Using private places was more strongly associated with PA, mainly leisure-time PA (Gyms OR 9.66 [7.34-12.70]); Sports facilities OR 5.03 [3.27-7.74]). In conclusion, public and private places were important contributors to PA. While public places may be a powerful setting for PA promotion, increasing the equitable access for all to private places may also represent an effective strategy to increase PA among Mexican adults.
Introduction
Latin America has the highest prevalence of physical inactivity among adults relative to all other world regions [1] . In Mexico, every 1 in 4 men and 1 in 3 women are physically inactive, PLOS ONE | https://doi.org/10.1371/journal.pone.0228491 February 7, 2020 1 / 13 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 panels. Individuals were eligible to participate if they were �18 years of age. Participants were recruited using both, probability and non-probability sampling methods [8] . For the current project, Nielsen targeted recruitment, so that the percentage of participants in each age group would be similar to the general population in Mexico. Email invitations with unique survey access links were sent to a random sample of panelists within the specified age. Among 68,336 email invitations sent, 4,057 surveys were completed (response rate 5.9%). A total of 33% of participants lived in Mexico City or Mexico State, whereas the rest lived in cities located in the 30 other states in Mexico. Respondents provided written consent prior to completing the survey. Participants were more highly educated and had a lower self-reported BMI compared to national estimates [9, 10] .
Physical activity measures
PA was measured using the Global Physical Activity Questionnaire (GPAQ). GPAQ is comprised of 19 questions measuring work-related, transport-related and leisure-time PA. This instrument has moderate to fair validity and good reliability across international and Latin American populations [11] [12] [13] [14] . Data were processed in accordance to the GPAQ Analysis guide [15] . After eliminating implausible (e.g. reporting more than 16 hours per day for a specific sub-domain of PA) and inconsistent (e.g. reporting zero days for a specific subdomain but but values >0 in the corresponding time variable) PA data, MET-minutes per week for overall and domain-specific PA were calculated. Participants were classified as meeting PA recommendations if they had 600 MET-min-week or more (equivalent to 150 minutes per week of MVPA). Additionally, we constructed domain-specific binary outcome variables for meeting PA recommendations through specific PA domains. We assessed this as achieving 600 MET-min-week or more of travel-related, work-related, and leisure-time PA.
Places for physical activity
The use of a set of 15 formal and informal places for PA was ascertained by questionnaire.
These questions were developed and tested by expert Latin-American PA researchers from three countries and used in the International Physical Activity and Environment Network study in Latin American sites [4, 6] . Formal places included parks, cycling paths, private courts or sports facilities, private gyms, school or university campuses, outdoor green spaces, and public recreation centers. Informal places included plazas (public squares), informal outdoor courts (undeveloped land), streets (includes sidewalks), home, shopping malls, bars and nightclubs, and museums. Participants were asked to indicate the three most common places that they use to be physically active. Places were classified as public (no fee or membership required: parks, streets, outdoors/ open green spaces, shopping malls, outdoor courts, plazas, cycling paths, and indoor courts) or private places (requiring a fee or membership: private gyms, private sports facilities, school/ university, bars and nightclubs and museums) [6] . 'Home' and work were not included in the "private places for PA" category, since gaining access to one's own home or work generally does not require any special access permit. Participants were classified as using any public place (yes/no) or any private place (yes/no) for PA.
Covariates
Self-reported sociodemographic information (e.g. gender, age, education level, ethnicity, working status, children living in the household-see Table 1 ). Income adequacy was assessed with the question 'Thinking about your total monthly income, how difficult or easy is it for you to make ends meet?', with responses collapsed into difficult, neither easy nor difficult, or easy. This question has been used to evaluate the actual financial status in adults and household financial distress [16] . Body-mass-index (BMI) was estimated (kg/m 2 ) through self-reported weight and height and participants were classified as underweight (18.5 kg/m 2 ), normal weight (18.5 to 24.9 kg/m 2 ), overweight (25.0 to 29.9 kg/m 2 ), or obese (> 30 kg/m 2 ), according to the World Health Organization categories [17] . Regions of Mexico (North, South, Center and, Mexico City) were constructed according to the reported State of residency in Mexico. These regions are used in the country to capture cultural and economic differences in Mexico [10] . Public-and restricted-access places and physical activity among Mexican adults
Statistical analysis
All analyses were adjusted for post-stratification sampling weights based on population distributions of sex, age and country-region. Descriptive statistics (means, frequencies, and 95% CIs) were calculated for all variables. To identify the places where participants were physically active, we estimated the prevalence (95% CI) of reported use of each place for PA. Places were ranked according to their prevalence of use. PA and places were described in the entire sample and by demographic characteristics. We used two sets of multivariate logistic regression models to examine the associations between specific places and PA outcomes (meeting PA recommendations through overall, travel-related, work-related, or leisure-time PA). The first set of models examined the association between PA outcomes and using any public place or any private place for PA. Models were adjusted for potential confounders, including sociodemographic characteristics (i.e. gender, age, education, ethnicity, children living in the household, and self-reported income adequacy), BMI, region of the country, and the use of home and work for PA. The second set of models examined associations between places and PA outcomes by introducing all individual studied places in the model. These models were adjusted for the same sociodemographic characteristics, BMI and region of the country. All models for travel-related, work-related and leisure time PA were additionally adjusted for meeting PA recommendations through the other two PA domains (e.g. the model for travel-related PA was adjusted for work-related and leisure-time PA). A p-value of 0.01 was considered statistically significant to account for the use of several models. All analyses were conducted using STATA version 14.0 (StataCorp Inc).
Results
Of the 4,057 participants that completed the survey, 34 had implausible values or inconsistent answers for PA, and 337 had missing data for covariates (BMI = 206; ethnicity = 55; education level = 19; income adequacy = 33; student status = 5; working status = 1; having any child = 17), leaving 3,686 participants for analysis. No differences in demographic information were observed between excluded-and included participants. The weighted sample was fairly balanced with respect to gender, age, region of the country, and whether participants lived with children or not ( Table 1 ). Most participants did not consider it difficult to make ends meet (58.3%), were employed full-time (60.1%), were university educated (83.4%), and were overweight or obese (54.6%).
The prevalence of meeting PA recommendations was of 72.1% ( Table 2 ). Half of participants met PA recommendations through leisure-time, and 39.1% and 24.9% achieved recommendations through transport-and work-related PA, respectively. A higher proportion of participants with a lower education level met PA recommendations through travel-related and work-related PA (p<0.01), whereas more (60.8%) participants with a higher income adequacy met PA recommendations through leisure-time PA (p<0.01).
Home was the most frequently reported place for PA (43.4%), followed by four public places: parks (40.7%), streets (39.4%), other open green spaces (25.0%), and shopping malls (21.3%) (Fig 1) . Overall, more participants reported using at least one public place for PA (78.6%) than at least one private place (35.4%) (Fig 1) . Women's use of places for PA was generally lower than that of men for most places (Fig 2A) . Participants with a higher educational attainment ( Fig 2B) or a higher income adequacy ( Fig 2C) reported a higher use of private places for PA, such as private gyms or sports facilities (p<0.01). The ranking of places and proportion of use across demographic characteristics are presented in S1 Table, S2 Table, and S3  Table. 
Discussion
We examined the contribution of specific places and domains of PA to meeting PA recommendations among a sample of adults from all over Mexico. We found that among our sample, most PA is due to either leisure-based or travel-related activity. Use of public places, such as parks or streets, was very high among all sub-groups of our sample, and were important contributors to meeting PA recommendations. Private places were used by less people, however, the use of these places was more strongly (higher estimate magnitudes observed) related to the studied PA outcomes, and in particular, to leisure-time PA.
Some of the observed PA patterns were consistent with findings from other studies of Latin American cities, including Bogota (Colombia), Curitiba (Brazil), and Cuernavaca (Mexico) [4, 7] . Of particular relevance is that the contribution of active travel among this sample was considerably high, as reported for such cities [4] . Observed differences in the contribution of domain-specific PA by education and income adequacy level, two proxies of socioeconomic status, suggest that utilitarian PA (i.e. travel-and work-related PA) is an important contributor to overall PA, mainly among those of a lower economic position. In contrast, recreational and Public-and restricted-access places and physical activity among Mexican adults Public-and restricted-access places and physical activity among Mexican adults health-motivated PA behaviors (leisure-time activity) were more prevalent among those with higher income adequacy. One hypothesis that has been previously proposed, and that may help explain our findings, is the contrast of a choice-versus a necessity-driven PA model [18] . It has been suggested that it is only among populations where a substantial amount of people can afford owning a private vehicle, that travel-related PA is truly a choice. Conversely, this hypothesis proposes that among populations where the vast majority of people cannot afford owning a private motor vehicle, as in Mexico [9] , transport-based PA is driven mainly by necessity. Although our sample seems to be more representative of highly educated and higher-income Mexicans where a choice-based model would be expected to operate, these data suggest that it is possible that both models operate in Mexico. The fact that our sample is composed of highly educated urban Mexicans likely reflects a different PA pattern that that of the overall population, possibly with higher leisure-time PA than those of the average population, and presumably, slightly lower levels of transport-based PA.
The choice-versus a necessity-driven PA model may also help explain the observed patterns of use of spaces. In our study, although public places were the most prevalent and relevant for travel-related PA, private places were most strongly associated with leisure-time PA. It is possible however that the relevance of private places for leisure-time PA among this sample (e.g., 39 (1.15, 1.68)  1.17 (0.98, 1.38  1.45 (1.20, 1.75 31 (1.88, 2.83)  1.34 (1.12, 1.59)  1.91 (1.57, 2.32 49 (1.21, 1.82)  2.05 (1.71, 2,45)  0.73 (0.60, 0.89 private gyms or sports clubs) is reflective of the fact that this is a highly educated sample, with higher access than the average population to these type of facilities. The use of streets as a place for PA was higher among those with lower income adequacy, whereas private gyms were more frequently used by those with a better income adequacy. Further, some public places (i.e. streets) were negatively associated with leisure-time activity (choice-based PA). This may be indicative of a substitution effect between PA domains: those with a higher income adequacy are able to choose to use a private place for PA, and thus, may generally not use places for transport-based PA or places for work-related PA, and vice versa. Future studies are needed to confirm our hypothesis. However, our results suggest that we may be upon a window of opportunity for PA promotion strategies seeking to engage all income levels in PA through public places. These strategies could foster a change in social norms related to leisure-time and travel-related PA. For example, according to our results, parks and outdoor courts are equally used by all education and income adequacy levels, and may contribute significantly to leisuretime activity (choice-based PA). Strategies for repurposing public spaces for PA, such as public programs providing free exercise classes in public-access places, could be effective for promoting PA in Mexico across socioeconomic strata, and may potentially contribute to changing the social norm related to places for PA [19] . Another effective strategy seeking to promote transport-based PA as a choice and change social norms related to travel-related PA may be already in place in Mexico. In line with previous work among users of the "Muévete en Bici" program (a Sunday Ciclovia program for leisure PA) in Mexico City [20] , our results showed that cycling paths were more frequently used by participants with a better education or income adequacy (Fig 2) than their peers. One potential explanation for this is that in Mexico, efforts to increase cycling opportunities and infrastructure have been prioritized in high-income neighborhoods, and are generally not motivated by health promotion goals [21] . Rather, these efforts are driven by the need to reduce congestion and improve air quality in cities [21] . A study among Ecobici users (a public bicycle sharing program for transport) found that the main reason for program participation is travel efficiency [22] . The same study reported that participation in "Muévete en bici"(program for leisure PA) is mainly driven by health, wellness and enjoyment [22] . Future studies should explore the drivers of necessity vs. choice-driven bicycling in Mexico. The fact that these types of place-based activities are becoming popular among high-income groups may be a positive factor to capitalize on, as social norms on bicycling and the use of public places for PA may be starting to shift among Mexicans. Efforts to implement this type of infrastructure across neighborhoods of all income levels are warranted.
Consistent with previous reports [4] , we found that the use of "informal" places, such as shopping malls and streets, was highly prevalent. The fact that these public places were reported as places for PA may help support previous hypotheses stating that social interaction may be an important driver for PA among Latin Americans [6] . Although we did not include a measure of social interaction in our study, in Mexico streets and shopping malls are commonly used as a place to hang out with friends. This may also help explain why the use of shopping malls as a place for PA was negatively associated with most PA outcomes. Although we did not measure the intensity of PA within specific places, the fact that in Mexico shopping malls are usual places for social interaction, walking at a leisurely pace (i.e. low intensity) is a common PA occurring in malls. Evidence continues to build up supporting the role of light-intensity PA for health, particularly for highly inactive groups and for older adults [23] . Some evidence from high-income countries also supports the relevance of shopping malls for place-based PA interventions, such as walking programs targeted at among middle-aged and older adults [24] . Given that the presence of shopping malls is growing at an unprecedented rate in Mexico and Latin America, they may represent an opportunity to promote walking at the population level.
Two of our findings also highlight potential opportunities for PA promotion in Mexico. First, the workplace was only associated with work-related PA. Although this may seem obvious, it highlights the fact that in Mexico no efforts are being made to promote leisure-time PA within the workplace. Second, women's use of most of the studied places for PA was lower compared to men. It has been proposed that societal norms may play an important role in the underlying causes of this gender-based disparity [25] , underscoring the relevance of genderbased approaches for PA promotion.
To our knowledge, this is the first study examining the contribution of places and PA domains to overall PA among a sample of adults from all over Mexico. However, our study had limitations. Although being of national coverage and utilizing complex sampling weights, our sample is not representative at the national level. The use of an online survey might have biased the findings in Mexico as 40% of the Mexican population does not have internet access and internet is often restricted to certain residential and urban areas [26] . Also, the Mexico sample had higher levels of education and lower levels of BMI compared to national estimates [9, 10] . Therefore, the external validity of our findings is limited to those with similar characteristics to our sample. However, we believe that our results provide important insights for understanding the drivers of PA behaviors among highly educated (and probably high income) groups in Mexico, which until now have been understudied. In this study, we did not measure household car ownership, which would have allowed us to better examine the role of necessityversus choice-based PA among this sample.
Conclusion
In our sample, travel-related and leisure-based activity were major contributors for overall PA. The widespread use of public-access places for PA (parks, streets, open green spaces and outdoor courts) across socioeconomic strata, and their significant contribution towards meeting PA recommendations among participants, suggests these places may be powerful settings for implementing PA promotion strategies in Mexico. On the other hand, policies geared at increasing the equitable access for all to what currently are "private" places (i.e. private gyms and sport facilities) may also represent an effective strategy to increase PA among Mexican adults, as these places were strongly associated with PA in our sample [6] .
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